(19) 



J 



(12) 



Europdisches Patentamt 
European Patent Office 
Office europ^n des brevets (11) EP 0 761 774 A1 

EUROPEAN PATENT APPLICATION 



(43) Dated pul3lication: 

12.03.1997 Bulletin 1997/11 

(21) Application number: 95113988.0 

(22) Date of filing: 06.09.1995 



(51) int a.^: C09C 1/04. C08K 9/06, 
A61K7/42 



(84) Designated Contracting States: 


• Y^maguchi, YSasuhide, 


BE DE FRGBITNL 


c/o Mitsui Mining and 




Ageo-shi, Saitama (JP) 


(71) Applicant: MITSUI MINING & SMELTING CO., LTD. 




Chuo-ku Tokyo-to 103 (JP) 


(74) Representative: Casalonga, Axel et al 




BUREAU D.A. CASALONGA - JOSSE 


(72) Inventors: 


MorassistrasseS 


• Ichiryu, Aldra, 


80469 Munchen (DE) 


c/o Mitsui Mining and 




Ageo^hi, Saitama (JP) 





(54) Coated zinc oxide powder and coated zinc oxide powder-containing composition 



(57) Coated zinc oxide powder comprises zinc 
oxide particles and a layer of a coupling agent formed 
on the zinc oxide particles. The coated powder may be 
incorporated into resin compositions or oil and fat com- 
positions, directly or in the form of an additive which 
comprises the powder as an effective component. The 



coated zinc oxide powder shows excellent functions as 
an ultraviolet-absorber, an antibacterial agent, a mold- 
proof agent and a deodorizing agent in these resin com- 
positions and oil and fat compositions and can inhibit 
any deterioration of these compositions. 
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Description 

Technical Reld to which the Invention Belongs 

5 The present invention relates to zinc oxide powder used as an ultraviolet-absorbing pigment and more specifically 
to coated zinc oxide powder whose surface is treated and coated with a coupling agent whose photocatalytic activity 
is inhSsited. while maintaining various functions peculiar thereto such as ultraviolet-absorbing properties, antibacterial 
action, mokJproof action and deodorizing action, which is improved in its disperslbility in resin compositions (such as 
paint and varnish, coated layers, films, molded resin articles and f bers) and oil and fat compositions (such as cosmet- 

10 ics) and which, as a result permits effective prevention of deterioration, due to irradiation with light rays, in particular, 
ultraviolet rays, and storage stability of resin compositions and oil and fat compositions when it is incorporated into 
these compositions. 

Related Background Art 

15 

Resin compositions and oil and fat compositions which are organic substances undergo, for instance, decomposi- 
tion, deterioration and discoloration due to irradiation with ultraviolet rays included in. for instance, solar rays. An ultra- 
violet-absorber is one of additives for preventing such decomposition, deterioration and discoloration of these 
compositions and is roughly divided into two groups, i.e., organic ultraviolet-absorbers represented by benzophenones 

20 and benzotriazoles; and inorganic ultraviolet-absorbers represented by zinc oxide powder and titanium oxide powder. 
It has been well-known that the organic ultravk)let-absorber suffers from the following problems. The organic ultra- 
violet-absorber per se is deteriorated by the inBdiation with ultraviolet rays since it is an organic substance and it also 
undergoes the so-called blooming in which the absorber oozes out to the surface of a coated film or a rTX)lded article 
with the lapse of time and is gradually washed away by, for instance, rainwater. For this reason, the inorganic uHraviolet- 

2S absort>ers such as zinc oxide and titanium oxide have again attracted special interest recently This is because they 
have an excellent ultraviolet-absorbing effect and can ensure protection of the earth environment (such tendency has 
been remarkable recently) since they are chemically stable and free of the blooming phenomenon. Moreover, it has 
been confirmed that they have not only an excellent ultraviolet-absorbing effect, but also other functions such as anti- 
bacterial, moldproof and deodorizing functions. 

30 Zinc oxide and titanium oxide exhib'rt an excellent ultraviolet-absorbing effect and therefore, permit the prevention 
of any deterioration of resin compositions and oil and fat compositions due to irradiation with ultraviolet rays when they 
are incorporated into these compositions, but they suffer from a problem such that they have a high photocatalytic activ- 
ity induced by irradiation with ultraviolet rays and thus promote, for instance, decomposition, deterioration and discolor- 
ation of these compositions. More specifically, it has been well-known that the coated films and molded resin articles 

SB which comprise these inorganic ultraviolet-absorfoers chalK i.e.. they undergo the so-called chalking phenomenon. 
Therefore, if zinc oxide and titanium oxide are used as ultraviolet-absorbers, the photocatalytic activity thereof shoukj 
be inhibited by taking some measures. 

As a means for solving this problem, titanium oxide is surface-coated with, for instance. AI2O3, Si02, ZnO and Ti02 
and such a coated titanium oxide product has already been put on the market. On the other hand. Japanese Un-Exam- 

40 ined Patent Publication of the Translation of PCT Application (hereinafter referred to as "J.R KOHYO") No. Hei 4-506674 
discloses a technkjue for coating the surface of zinc oxkle whk;h comprises coating it with a water-insoluble metal soap 
of a monocarboxylic acid to give a zinc oxkJe product used as a pigment, which has ultraviolet-absoiting properties and 
is chemically inactive. However, the chemically inactivated zinc oxide used as a pigment disclosed in the J.P. KOHYO 
No. Hei 4-506674 is a pigment comprising surface-treated zinc oxide which is improved in stability to heat encountered 

45 during melting and kneading or press molding under heating while taking into consideration the description, in Exam- 
ples 6 to 10, concerning the effect such tfiat any deterioration of a resin was not observed during the kneading and 
mokfing. The surface-treated zinc oxKle completely differs from the coated zinc oxkie powder according to the present 
invention whose photocatalytic activity is inhibited and which thus serves to inhibit any deterioration of resin composi- 
tions and oil and fat cx}mpositions to which the coated zinc oxide is added. Moreover, Japanese Un-Examined Patent 

50 Publication (hereinafter referred to as "J.R KOKAI") No. Hei 3-183620 discloses a technique for coating the surface of 
zinc oxkle particles with an oxkJe or hydroxkie of Al. Si, Zr or Sn. like the technique for coating the surface of titanium 
oxide. 

The particle size of zinc oxide powder has increasingly been reduced and the specific surface area thereof accord- 
ingly becomes larger in response to a recent tendency of the market such that resin compositions and oil and fat com- 
55 positions comprising an ultraviolet-absorber should have transparency and colorfulness. An increase in the specifk; 
surface area requires an increase in the amount of a coating material and accordingly, there has been a worry that an 
increased amount of a coating nuiterial is required for the inhibitton of the photocatalytic activity of zinc oxide particles 
in the conventional surface-coating treatment with an oxide or hydroxkle of Al. Si, Zr or Sn and this wouki have a bad 
influence on the desired ultraviolet-absorbing effect thereof. More specifically, it has been urgent to develop a technique 
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for surlace-treatment which permits inhibition of the photocatalytic activity of zinc oxide while reducing the amount of a 
coating material. I.e., without reducing the relative amount of zinc oxide as much as possit)le. 

Another prdtiiem, associated with the conventional techniques, to be solved is to improve the dispersibllity of zinc 
oxide powder in resin compositions and oil and fat compositions. Ultraviolet-absorbers used as additives are dispersed 

s in these oonpositions. The important property of the coated zinc oxide is an ultraviolet-absorbing effect observed when 
It is incorporated into these compositions and it has been well-known that the poorer the disperslbility of the coated zinc 
oxide particles and the stronger the agglomeration thereof, the faster the deterioration of the resin to which the coated 
zinc oxide is added. This is also true in case of coated titanium oxide particles. The conventional surface-coating treat- 
ment with an inorganic substance such as an oxide or hydroxide of Al. Si. Zr or Sn suffers from a problem concerning 

10 the dispersibllity in resin compositions and oil and fat compositions. Accordingly, there has still been a worry that, even 
If zinc oxide Is surface-treated through coating to Inhibit the photocatalytic activity thereof, the desired ultraviolet- 
absorbing effect thereof is impaired when It is incorporated into resin compositions and oil and fat conpositions 
because of its poor disperslbility and therefae, the coated zinc oxide never shows sufficient effect of preventing deteri- 
oration of the resin compositions and oil and fat compositions due to iradiation with light rays, in particular, ultraviolet 

IS rays. 

Disclosure of the Invention 

Accordingly, an object of the present invention is to provide coated zinc oxide powder which is coated with a sub- 

20 stance in such a coated amount that the various functions peculiar thereto such as ultraviolet-absorbing properties, 
antibacterial action, moldproof action and deodorizing action are not adversely affected and in a coated amount suffi- 
cient for inhibiting the photocatalytic activity, which would result in deterioration of resin compositions and oil and fat 
compositions comprising the coated zinc oxide as an ultravioiet-absort)er.and sufficient for simultaneously improving 
the dispersibllity thereof in the resin compositions and oil and fat compositions. The coated zinc oxide powder serves 

25 as an ultraviolet-absoiter. an antibacterial agent, a moldproof agent and a deodorizing agent when it is incorporated 
into resin compositions (such as paint and varnish, coated layers, films. nrx)lded resin articles and fibers) and oil and fat 
compositions (such as cosmetics) and it also serves to inhibit any photolytic deterioration of tiiese compositions. 

Another object of the present invention is to provide an additive containing the coated zinc oxide powder as an 
effective component or a composition comprising the coated zinc oxide powder. 

30 The inventors of this invention have conducted various studies to accomplish the foregoing objects, have found out 
that the foregoing problems associated with the conventional techniques can effectively be solved by coating tine sur- 
face of zinc oxide particles with a small amount of a coupling agent and thus have conrpleted the present invention. 

According to an aspect of the present Invention, tiiere Is provided coated zinc oxide powder which comprises zinc 
oxide particles and a layer of a coupling agent covering each zinc oxide particle. 

35 According to another aspect of the present Invention, there is also provided an additive which comprises the fore- 
going coated zinc oodde powder as an effective conrponent. The additive exhibits ultraviolet-absorbing properties as 
well as antibacterial, moldproof and deodorization functions, but the photocatalytic activity thereof is alnx>st completely 
Inhibited. 

According to a further aspect of tiie present invention, there is provided a resin composition or an oil and fat com- 
40 position which comprises the foregoing coated zinc oxide powder. 

Brief Description of tiie drawing 

Fig. 1 is a graph showing tiie deodorizing effects of the coated zinc oxide powder prepared in Example 2 and 
45 uncoated zinc oxide powder of Comparative Example 4. 

Fig. 2 is a graph showing the transmittance. as a function of wavelengtii (nm). of polyethylene films prepared in 
Example 5 and Comparative Examples 5. 7. 8 and 9. 

Fig. 3 is a composition Image (magnification: 40) of tiie film prepared in Example 5. 
Fig. 4 is a comosition Image (magnification: 1000) of ttie film prepared in Example 5. 
so Rg. 5 is an EPMA (electron probe X-ray microanalyzer) image (magnification: 1000) of the film prepared in Exam- 
ple 5. 

Fig. 6 is a comosition image (magnification: 40) of tiie film prepared In Comparative Example 5. 
Fig. 7 Is a comosition image (magnification: 1000) of tiie film prepared In Comparative Exanple 5. 
Fig. 8 is an EPMA image (magnif ication: 1000) of the film prepared in Comparative Example 5. 

55 

Description of Special Embodiment 

Zinc oxide powder products used for preparing tiie coated zinc oxide powder according to tiie present invention 
may be tiiose prepared by the so-called wet synthesis or those prepared by the so-called dry synthesis. 
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The surlace of zinc oxide particles may be treated with a coipling agent by the so-called wet process In which a 
coupling agent is added to a slurry of zinc oxide powder in water or a non-aqueous solvent with stirring; or the so-called 
dry process wherein a coupling agent is sprayed on zinc oxide powder or dropwise added thereto with high speed stir- 
ring In a Henschel mixer or a high speed mixer capable of rotating at a high speed; or the so-called gas-phase process 

5 wherein the coating treatment is can-ied out by introducing a coupling agent along with an Inert gas such as nitrogen 
gas as a cannier into a reaction vessel containing zinc oxide powder. 

In this respect, however, the coated amount of the coipling agent should be determined while taking into consid- 
eration the specific surlace area of zinc oxide powder to be coated. In Example 2 as will be detailed later, for instance, 
the photocatalytic activity of zinc oxide powder having a specific surlace area, as determined by the BET method, of 20 

10 tr?/Q could approximately completely be inhibited by coating with 1% by weight of a silane coupling agent. If finer zinc 
oxide powder having a specific surface area greater than that described above is subjected to the coating treatment for 
the same purpose, however, it would be easy to assume that the photocatalytic activity thereof cannot sufficiently be 
inhibited unless the coated amount of the coupling agent is Increased while taking the fbregoing rate of coating as a 
criterion. 

IS More specifically, a coated amount on the order of about 20% is required for coating zinc oxide powder having 
extremely large specific surface area (for instance, 400 m?/g), while a coated amount on the order of about 0.1% would 
be sufficient for achieving a desired effect when treating, with a coupling agent, zinc oxide powder having a relatively 
large particle size, i.e., a small specific surface area on the order of several square meters per gram (m^/g). Therefore, 
the coated amount of the coupling agent in general ranges from 0.1 to 20% by weight, preferably 0.2 to 15% by weight 

20 while taking Into consideration the dispersibility of the zinc oxide powder or preferably 0. 1 to 1 0% by weight while taking 
into consideration the cost and preferably 0.2 to 10% by weight while considering the whole factors. 

In Examples 1 to 3 as will be described later, there was used, as coating agents, silane coupling agents KBM-403 
(y ■ glycidoxy-propyltrimethoxy silane) or KBM-503 (y - methacryloxypropyltrimethoxy silane) available from Shin-Etsu 
Chemical Co., Ltd. In this respect, it has been well-known that silanol groups formed by hydrolysis of the hydrolyzable 

25 groups present on the coupling agent mainly take part in the reaction with the surface of inorganic oxide particles such 
as zinc oxide particles, while organic functional groups such as epoxy groups and methacrylic groups mainly react with 
various kinds of resins to thus form linkage therebetween. The coupling agents which may be used for inhibiting the 
photocatalytic activity of the zinc oxide particles may be other silane coupling agents, i.e. those carrying, for Instance, 
vinyl, mercapto and/or amino groups; or coupling agents other than silane coupling agents such as titanium, aluminum, 

30 zirconium and zircoaluminate type ones; or silanes. 

The reason why the use of coupling agents as surface-coating agents permits the inhibition of the photocatalytic 
activity of zinc oxide in an amount smaller than that required when the conventional inorganic substances are used has 
not yet clearly been elucidated, but the coupling agent has reaction high selectivity to the active sites on the surface of 
zinc oxide particles, which contribute to the photocatalytic activity of the oxide particles, than that of the inorganic sur- 
as ^ce-treating agent to the active sites and therefore, a small amount of ttie coupling agent would serve to passlvate the 
active sites which confibute to tiie photocatalytic activity, through the efficient use tiiereof without waste. 

With regard to the coated zinc oxide powder according to tiie present Invention, tine photocatalytic activity thereof 
is efficientiy inhibited using a small amount of a surface-treating agent, i.e., witiiout severely reducing the relative con- 
tent of zinc oxide. Therefore, the coated zinc oxide powder maintains ttie ultraviolet-absorbing function peculiar thereto 

40 and rt also holds various other functions such as antibacterial,nfK)ldproof and deodorizing actions though the photocat- 
alytic activity thereof Is suff identiy inhibited. The reason why the coated zinc oxkJe powder shows such excellent effects 
has not yet been deariy elucidated, but it would be assumed that the active sites which contribute to tiie photocatalytic 
activity differ from tfiose which contribute to antibacterial, moklproof and deodorizing actions of tiie zinc oxide particles. 
If such an assumption is true, tiie active sites which contribute to the fbregoing functions would be well conserved and 

45 thus the coated zinc oxide maintains tiie functions if the zinc oxide particles are coated with a surface-treating agent in 
a smallest possible amount required for the passivation of tiie sites which contribute to the photocatalytic activity, i.e., 
In a smallest possible amount required for Inhibiting the photocatalytic activity. 

It is necessary to select an appropriate coupling agent while taking into consideration the compatibility of organic 
functional groups thereof to a resin used, in order to furtiier improve ttie dispersibility of tiie coated zinc oxide powder 

so in the resin. The improvement in the dispersibility of zinc oxide powder in resins cannot be accomplished by the con- 
ventional surface-coating treatment which makes use of an inorganic substance such as an oxide or a hydroxide of Al, 
Si. Zr or Sn. In Examples 4 to 6 as will be detailed below, for Instance, zinc oxide powder whose surface was coated 
witii KBM-503 was used since the resin component used therein was polyetiiylene. 

The coated zinc oxide powder according to tiie present invention is used as an additive which has ultraviolet- 

S5 absorbing properties as well as antibacterial, moldproof and deodorizing actions, but whose photocatalytic activity is 
almost completely inhibited. For Instance, the coated powder Is added to resin compositions or oil and fat compositions 
to impart ultraviolet-absorbing properties and antibacterial,mol dproof and deodorizing actions to the compositions. 
Moreover, the compositions are not decomposed, deteriorated and/or does not cause discoloration since tiie photocat- 
alytic activity of tiie additive is inhibited. In the present invention, if the coated zinc oxide powder is used as such an 
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additive, it may be used alone or in the form of a mixture with other components. 

If the additive of the invention is inoorporated into paint and varnish, rt may directly be added thereto or may be 
mixed with a component of the paint and varnish prior to the incorporation into the latter. The application of the paint 
and varnish thus prepared to walls, floors and ceilings permits the prevention of any discoloration and deterioration due 

5 to irradiation with ultraviolet rays included in the solar rays streaming in through windows and further permits deodori- 
zation and inhibition of mold-growth. 

If the additive of the invention is kneaded with a resin composition, fbnned into a film and used as a packaging 
material for foods, the film prevents not only any discoloration of foods packed therein due to irradiation with ultraviolet 
rays, but also any decay thereof due to the antibacterial and mddproof actions and any emission of an offensive odor 

10 upon opening the package due to the deodorizing action thereof. Moreover, If the film-like material is used as, for 
instance, wallpaper, the coated zinc oxide incorporated therein permits the prevention of any discoloration and deterio- 
ration of the film-like material due to irradiation witii ultraviolet rays included in the solar rays streaming in tiirough win- 
dows and furtiier permits deodorization and inhibition of mold-growth. 

Furthermore, if the additive of the invention is kneaded with a resin composition and formed into a molded resin 

IS article or tiie additive is kneaded witii a resins composition, followed by pulverizing Into resin powder, tiien coating a 
base material with the powder to give a resin molded article such as kitchenwares, the additive penrtits the prevention 
of any decay of tiie articles and ensures ttie deodorization effect due to the antibacterial and moldproof actions thereof. 

If tiie additive of the invention is incorporated into fibers by kneading it during tiie spinning process or by spinning 
fibers and then post-treating them through padding, tiie additive not only permits tiie prevention of any discoloration of 

20 fibers due to irradiation with ultraviolet rays, but also shows antibacterial, moldproof and deodorization effects. 

If the additive is incorpaated into cosmetics, it may be directiy added to the cosmetics or may be k>aded on the 
surface of, for instance, a powdery resin and tiien added to the cosmetics. The cosmetics thus prepared exhibit not only 
an ultraviolet-absorbing effect, but also deodorization effect, for instance. removal of tiie smell of sweat. 

As has been discussed above in detail, the coated zinc oxide powder of the present invention is coated witii a cou- 

2s pling agent In such a small amount that tiie coupling agent does not adversely affect tiie ultraviolet-absorbing, antibac- 
terial, moldproof and deodorizing functions peculiar to tiie zinc oxide powder, that such coating treatment can 
suff icientiy inhibit the photocatalytic activity of zinc oxide which may deteriorate resin compositions and oil and ^ com- 
positions when the powder is incorporated therein and that such coating treatment permits the improvement in tiie dis- 
persibility of tiie powder in tiiese compositions. Therefore, when the coated zinc oxide powder of tiie present invention 

30 is incorporated into a resin conrposition (such as coating layers, films, molded resin articles and fibers) or an oil and iai 
composition (such as cosmetics), it shows excellent functions as an uttraviolet-absoit)er, an antibacterial agent, a mold- 
proof agent and a deodorizing agent and can inhibit any deteriaation of resin compositions and oil and fat composi- 
tions. 

The present invention will hereinafter be described in wore detail witii reference to the following non-limitative work- 
35 ing Examples and Comparative Examples, but the present Invention is not restricted to tiiese specific Examples. 

Example 1 

To an aqueous slurry of zinc oxide powder having a BET specific surface area of 20 m^/g. there was dropwise 
40 added, with stirring, a silane coupling agent: KBM-503 in such an amount that tiie coated amount tiiereof was equal to 
0.5% by weight. The stirring was continued for a while, followed by filtration of tiie slurry, washing the recovered parti- 
cles and drying with heating In a dryer to give dry powder of coated zinc oxide. 

The coated zinc oxide powder prepared above was inspected for the photocatalytic activity in order to examine the 
photocatalytic activity-inhibitory effect of the surface-coating b-eatment with tiie silane coupling agent. The criterion. 
45 used herein, for evaluating tiie photocatalytic activity-inhibitory effect was a rate of decomposition of acetaidehyde 
through self-oxidation determined by introducing acetaidehyde gas and a predetermined amount of tiie foregoing 
coated zinc oxide powder into a transparent, sealed container, irradiating the container witii ultiaviolet rays and deter- 
mining tiie rate of acetaldehyde-decompos'ition after a lapse of a predetermined period of time. The results thus 
obtained are listed in tiie following Table 1 together witii the substance used for tiie surface-coating treatment and tiie 
so coated amount thereof. 

Example 2 

The same procedures used in Example 1 were repeated except that a silane coupling agent: KBM-503 was used 
ss in such an amount tiiat the coated amount thereof was equal to 1% to give dry powder of coated zinc oxide. Moreover, 
the photocatalytic activity-inhibitory effect tiiereof was ey^luated by the same metiiod used in Example 1 . The results 
thus obtained are listed In the following Table 1 togettier witii tiie substance used for the surface-coating treatinent and 
tiie coated amount tiiereof. Moreover, tiie coated zinc oxide powder prepared in tiiis Example was inspected for tiie 
deodorization activity. The deodorization activity was evaluated by introducing hydrogen sulfide and the coated zinc 
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Qxide powder into a transparent, sealed container and determining the change, with time. In the concentration of the 
hydrogen sulfide remaining in the container. TTie results thus obtained are plotted on Rg. 1 . 

Examples 

5 

The same procedures used in Example 1 were repeated except that a silane coupling agent: KBM-403 was used 
to give dry powder of coated zinc oxide. Moreover, the photocatalytic activity-inhibitory effect thereof was evaluated by 
the same method used in Example 1 . The results thus obtained are listed in the following Table 1 together with the sub- 
stance used for the surface-coating treatment and the coated amount thereof. 

10 

Comparative Examples 1 to 3 

A desired amount of zinc oxide powder having a BET specific surface area of 20 m^/g was added to a sodium sili- 
cate aqueous solution in such a manner that the coated amount of Si02 was 3%. 7% or 18%, according to the method 

IS disclosed in J. P. KOKAI No. Hei 3-183620 and then a diluted hydrochloric acid solution was gradually added to the 
aqueous suspension while paying attention to the pH thereof. Then the addition of the diluted hydrochloric add solution 
was intenupted at an instance when tiie pH of each suspension reached about 7 and it was allowed to stand for a while. 
Thereafter, each suspension thus obtained was filtered, followed by washing and drying with heating at 105 in a 
dryer to give each corresponding dry powder of coated zinc oxide. Moreover, the photocatalytic activity-inhibitory effect 

20 thereof was evaluated by the same method used in Example 1. The results tiius obtained are listed in the following 
Table 1 together witfi tiie substances used for the surface-coating treatment and tiie coated amounts tiiereof. 

Comparative Example 4 

2S The uncoated zinc oxide powder having a BET specific surface area of 20 m^/g and used in Examples 1 to 3 and 
Comparative Examples 1 to 3, which had not been sut^ected to the surface-coating treatment, was used as a control 
for comparison. Moreover, the photocatalytic activity-inNb'rtory effect thereof was evaluated by the same metiiod used 
in Example 1. The result tiius obtained is listed in the following Table 1 . Furthermore, the deodorization effect thereof 
was also evaluated by the same metiiod used in Example 2. The results tiius observed are plotted in Fig. 2. 

30 



Table 1 



Ex. No. 


Substance Used for 
Surface-Coating 


Coated Aniount(%) 


Rate of Decompo- 
sition of Acetalde- 
hyde(%) 


1 


KBM-503 


0.5 


66.8 


2 


KBM-503 


1 


0.9 


3 


KBM-403 


0.5 


69.6 


1 * 


Si02 


3 


77.4 


2* 


Si02 


7 


18.5 


3* 


Si02 


18 


12.6 


4* 


None 




86.0 



Comparative Example 



As seen from the data listed in Table 1. the uncoated zinc oxide powder prior to the surface-coating treatment 
shows a very high rate of acetaldehyde decomposition on tiie order of 86.%. This indicates ttiat the uncoated zinc oxide 
powder has a very high photocatalytic activity. On the other hand, tfie coated zinc oxide powder of Example 2 (coated 
amount of KBM-503: 1%) according to the present invention shows a rate of acetaldehyde decomposition of 0.9% and 
55 this clearly indicates tiiat the photocatalytic activity of zinc oxide which is a major obstacle when it is used as an ultra- 
violet-absorber can alnfX)st completely be inhibited. 

In regard of tiie coated zinc oxide powder prepared in Comparative Examples 1 to 3. the rate of acetaldehyde- 
decomposition was found to be 77.4% at tiie coated amount of 3%, ttie powder shows almost no photocatalytic activity- 
inhibitory effect at this coated amount. The photocatalytic activity-inhibitory effect tiiereof is improved as tiie coated 
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amount increases, but the rate of acetaldehyde-decomposition is in a matter of about 12.6% even at a coated amount 
of 18%. More specifically, the photocatalytic activity-inhibitory effect of the powder prepared In these Comparative 
Examples is substantially lower than that attained by the coated zinc oxkJe powder prepared in Example 2 in which the 
rate of decomposition is 0.9% at a coated amount of only 1%. 
s As has been discussed above, it has been confirmed that the zinc oxide powder coated with a coupling agent 
according to the present invention can almost completely inhibit the photocatalytic activity of zinc oxide powder at a sub- 
stantially small coated amount as compared with the conventional techniques in which zinc oxide particles are coated 
with an inorganic substance. 

Moreover, the graph shown in Fig. 1 which illustrates the deodorization effect indicates that the higher the slope of 
10 the straight tine, the higher the deodorization effect of the coated zinc oxide powder and clearly shows that the coated 
zinc oxide powder prepared in Example 2 has a deodorization effect approximately identical to that of uncoated zinc 
oxide powder per se since the slope of the straight line showing the effect of the former is almost identical to that of the 
latter. In this respect, this test for evaluating deodorization effect was carried out without in^adiation with ultraviolet rays, 
but approximately the same results were obtained even when the test was carried out under the irradiation with ultravi- 
15 olet rays. TTie active sites which contribute to the photocatalytic activity would phenomenologically differ from those 
which contrflxite to antibacterial, moldproof and deodorizing actions while taking Into consideration the fact that the zinc 
oxide powder exhibits the photocatalytic activity only when K is inradiated with ultraviolet rays. More specifically, in the 
coated zinc oxide powder of the present invention, the coupling agent used for coating inhibits the photocatalytic activity 
of zinc oxide, but scarcely impairs the ultraviolet-absort)ing effect as well as antibacterial, moldproof and deodorizing 
20 actions peculiar to the zinc oxide. 

Example 4 

Three parts by weight of the coated zinc oxide powder prepared in Example 1 and 100 parts by weight of a poly- 
ps ethylene resin were melted and kneaded and then formed into a film having a thickness of 50 fim to thus inspect the 
film for the disperslbility of the coated zinc oxide powder in the polyethylene resin. 

Examples 

30 The same procedures used in Example 4 were repeated except that the coated zinc oxide powder prepared in 
Example 2 was used to prepare a film and to evaluate the disperslbility of the powder in the resin. In addition, the result- 
ing film was sutjected to spectral transmission analysis to examine the ultraviolet-absorbing efficiency of the zinc oxide 
powder when it was incorporated Into a resin composition. The results thus obtained are plotted on Rg. 2. 

35 Examples 

The same procedures used In Example 4 were repeated except that the coated zinc oxide powder prepared in 
Example 3 was used to prepare a fOm and to evaluate the disperslbility of the powder in the resin. 

40 Comparative Example 5 

The same procedures used in Example 4 were repeated except that the coated zinc oxide powder prepared in 
Comparative Exanple 1 was used to prepare a film and to evaluate the dispersibllity of the powder in the resin. In addi- 
tion, the resulting film was subjected to spectral transmission analysis to examine the ultraviolet-absorbing efficiency of 
45 the zinc oxide powder when It was incorporated Into a resin composition. The results thus obtained are plotted on Fig. 2. 

Comparative Example 6 

The same procedures used in Example 4 were repeated except that the coated zinc oxide powder prepared in 
50 Conparative Example 2 was used to prepare a film and to evaluate the disperslbility of the powder In the resin. 

Comparative Example 7 

The same procedures used in Example 4 were repeated except that the coated zinc oxide powder prepared in 
55 Comparative Example 3 was used to prepare a film and to evaluate the disperslbility of the powder in the resin. In addi- 
tion, the resulting film was subjected to spectral transmission analysis to examine the ultraviolet-absorbing efficiency of 
the coated zinc oxide powder when it was incorporated into a resin composition. The results thus obtained are plotted 
on Rg. 2. 
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Comparative Example 8 

The same procedures used in Example 4 were repeated except that the zinc oxide powder disclosed in Compara- 
tive Exarrple 4 was used to form a film and to evaluate the dispersibility of the powder In the resin, in addition, the result- 
s ing film was subjected to spectral transmission analysis to estimate the ultraviolet-absort)ing efficiency of the zinc oxide 
powder when it was Incorporated into a resin composttJon. The results thus obtained are plotted on Fig. 2. 

Comparative Example 9 

^0 A film was formed by repeating the same procedures used in Example 4 except that the zinc oxide powder was not 
used. In addition, the resulting film was subjected to spectral transmission analysis to examine the ultraviolet-absotbing 
efficiency. The results thus obtained are plotted on Fig. 2. 

There were visually obsen^ed the presence of nondispersed agglomerates of zinc oxide particles in the films pre- 
pared in Comparative Examples 5 to 7 using zinc oxide powder coated with Si02 and the coated zinc oxide powder of 

IS these Comparative Examples had a poor dispersibility as compared with that observed fa the film prepared using 
uncoated zinc oxide powder in Comparative Example 8. When comparing the films prepared in Examples 4 to 6 using 
the zinc oxide powder coated with the coupling agents with those prepared in Comparative Examples 5 to 8, the differ- 
ence in the dispersibility between these films is clear from the visual observation thereof, but each film was further 
examined by taking a comosition image (microgram showing the composition) and an EPMA image to confirm whether 

20 the agglomerates comprised zinc oxide or not. Fig. 3 is a comosition image (magnification: 40) of the film prepared in 
Example 5; Fig. 4 is a comosition image (magnification: 1000) of tiie film prepared in Example 5; Fig. 5 is an EPMA 
image (magnification: 1000) of the film prepared in Exanrple 5; Rg. 6 is a oonrK>sition Image (magnification: 40) of the 
film prepared in Comparative Example 5; Rg. 7 is a comosition image (magnification: 1000) of tiie film prepared in 
Comparative Example 5; and Fig. 8 is an EPMA image (magnification: 1 000) of tiie film prepared in Comparative Exam- 

25 pie 5. As will be clear from Rgs. 3 to 5, the coated zinc oxide powder of tiie present invention was uniformly dispersed 
tiiroughout tiie film wittiout forming any agglomerate. On the other hand, the coated zinc oxide powder of Comparative 
Example 5 formed large agglomerates in tiie f Om as seen from Figs. 6 to 8 and some of agglomerates had a diameter 
of several hundred micrometers. This clearly indicates that tiie coated zinc oxide powder of Comparative Exanrple 5 is 
inferior in the dispersibility in resins to the coated zinc oxide powder according to the present invention. 

30 In case of Comparative Example 8 (uncoated zinc oxide powder was used), tiiere were observed so-called yellow- 
ing and discoloration during the kneading and molding steps. Contrary to this, tiie films prepared in Examples 4 to 6 did 
not undergo any yellowing and discoloration. This fact clearly indicates tiiat the zinc oxide surface-treated according to 
the present invention is inhibited in not only the photocatalytic activity, but also activity tiiereof which would take part in 
the heat deterioration during kneading and molding steps. It was observed that the films prepared in Comparative 

35 Examples 5 to 7 underwent slight yellowing and discoloration. This also indicates ttiat the present invention is superior 
to ttie conventional technique in tiie heat deterioration. 

In Examples 4 to 6 and Conparative Examples 5 to 8, tiie dispersibility of zinc oxide powder was examined by 
kneading tiie powder with a resin, for convenience, but the same results can basically be obtained by preparing paint 
and varnish using tiie zinc oxide powder and tiien determining the dispersibility thereof. Moreover, tfie same results can 

40 likewise be obtained when tiie zinc oxide powder is dispersed in oils and ^ts. 

As will be seen from the results shown in Fig. 2, the film of Example 5 according to tiie present invention can alnrx3st 
corrpletely absort)s ultraviolet rays (having a wavelengtti of not longer than 400 nm) and is not transparent to tiie ultra- 
violet rays. The film prepared in Example 5 comprises the zinc oxide powder coated witti only 1% of a coupling agent, 
whose photocatalytic activity (a drawt>ack of zinc oxide observed when it is used as an ultraviolet-absorber) is almost 

45 completely inhibited. The faegoing facts indicate that the coated zinc oxide powder of the present invention is satisfac- 
taily inhibited in the photocatalytic activity, has improved dispersibility in resins and can function as an effective ultravi- 
olet-absorber when incorporated into a resin composition, although ttie zinc oxide powder is coated with a coupling 
agent in a small amount which does not adversely affect the utti'aviolet-absorbing efficiency. 

On the other hand, ttie films of Comparative Examples 5 and 7 according to the conventional techniques has an 

so ultraviolet-absorbing ability inferior to tiiat obsen^ed for tiie film of Comparative Example 8 (uncoated zinc oxide powder 
is used). It would be assumed that ttiis is because ttie dispersibility of tiie coated zinc oxide powder is reduced due to 
the surface-coating ta-eatment witfi Si02 as has already been discussed above. More specif rcally, tiie conventional tech- 
niques suffer from a problem in that if the coated amount is increased to inhibit tiie photocatalytic activity, tiie dispersi- 
bll'ity of ttie coated zinc oxide powder in a resin is greatiy reduced when the powder is incorporated into a resin and tiiis 

55 leads to a reduction of tiie ultraviolet-absorbing efficiency as is proved by ttie specbnl curves of Comparative Examples 
5 and 7 shown in Fig. 2. In short, ttie present Invention has completely solved ttie problem associated witti the conven- 
tional techniques through ttie use of a coupling agent. 
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Example? 

To a slurry of zinc oxide powder (Comparative Example 4) in n-hexane, there was dropwise added, with stirring, a 
titanium coupling agent: KP TTS (available from Ajinomoto Co., Ltd.) in such an amount that the coated amount thereof 

5 was equal to 1% by weight. After continuing the stimng for a while, the slury was filtered, followed by washing the 
recovered powder and drying In the air overnight to give dry powder of coated zinc oxide. The coated zinc oxide powder 
thus prepared was Inspected for the photocatalytic activity-inhibitory effect by the same method used In Example 1. 
Maeover, it was kneaded with a polyethylene resin, then formed into a film and the film was inspected for the dispers- 
ibiiity in resins by the same method used in Example 4. In addition, the ultraviolet-absorbing efficiency thereof was also 

10 determined In the same manner used in Example 5. The results thus obtained are listed in the following Table 2 along 
with the substance used for the surface-coating and the coated amount thereof. 

Examples 

15 To a slurry of zinc oxide powder (Conparative Example 4) in water, there was dropwise added, with stinring, a zir- 
coaluminate coupling agent M (available from CAVEDON CHEMICAL CO. INC.) in such an amount that the coated 
amount thereof was equal to 1% by weight. After continuing the stirring for a while, the slun^y was filtered, followed by 
washing the recovered powder and drying with heating in a dryer to give dry powder of coated zinc oxide. The coated 
zinc oxide powder thus prepared was inspected for the photocatalytic activity-inhibitory effect by the same metiiod used 

20 in Example 1 . Moreover, it was kneaded with a polyethylene resin, then formed into a film and the film was inspected 
for the dispersibility in resins by the same method used in Example 4. In addition, tiie ultraviolet-absorbing efficiency 
thereof was also determined in the same manner used in Example 5. The results thus obtained are listed in tiie follow- 
ing Table 2 along witii the substance used for tiie surface-coating and tiie coated amount thereof. 

The results obtained using the coated zinc oxide prepared in Exanrple 2, tiiose prepared in Comparative Examples 

25 1 and 3 and the uncoated zinc oxide of Comparative Example 4 are also listed in the following Table 2. 



Table 2 



30 


Ex No. 


Substance Used 
tor Surface-Coat- 
ing Treatment 


Coated Amount (%) 


Photocatalytic 

Activity 
Inhibition^) (%) 


Dispersibility in 
Resin^) 


Ultraviolet-Absorp- 
tion Efficiency In 
Resin Comp.^) (%) 




2 


silane coupling 
agent (KBM-503) 


1 


0.9 


@ 


2.7 


35 


7 


Ti-coupling agent 
(KRTTS) 


1 


1.4 


© 


79 




8 


zircoaluminate 
coupling agent 


1 


2.0 


® 


3.7 




1 * 


Si02 


3 


77.4 


X 


40.7 


40 


3* 


Si02 


18 


12.6 


X 


51.0 




4* 


None 




86.0 


A 


14.9 



1) The rate of acetaldehyde-deconiposrtion. 

2) The dispersibility in resin was evaluated on the basis of the number of agglomerates having a diameter of not less than 
about 30 Kun present within an area of 10 mm x 10 mm: 

@ : no such agglomerate; Q : less than 10; 
A : 10 to 20; X : more than 20 

3) The transmittance observed at 300 nm. 
*: Comparative Example 



The data listed in Table 2 clearly indicate tiiat the coated zinc oxide powder prepared in Examples 2. 7 and 8 
according to the present invention are excellent ultraviolet-absorbers as compared with the coated zinc oxide powder 
prepared by tine conventional techniques. 
55 As has been described above, the present invention relates to coated zinc oxide powder prepared by coating zinc 
oxide powder witii a coupling agent Incidentally, titanium oxkie likewise suffers from a problem such ttiat ttie photocat- 
alytic activity tiiereof is stronger than ttiat of zinc oxide powder when it Is used as an idtraviolet-absorber and therefore, 
an effect similar to tiiat achieved by tiie present invention would t>e expected if titanium oxide is subjected to a coating 
treatment with a coupling agent while taking into consideration the mechanism of the reaction between coupling agents 



9 



EP0761 774A1 

and the surface of inorganic oxides. 
Claims 

1 . Coated zinc oxide powder comprising zinc oxide particles and a layer of a coif)ling agent formed on the zinc oxide 
particles. 

2. The coated zinc oxide powder of daim 1 wherein the coupling agent is a silane coupling agent 

3. Hie coated zinc oxide powder of daim 1 or 2 wherein the coated amount of the coupling agent ranges from 0. 1 to 
20% k>y weight. 

4. The coated zinc oxide powder of daim 3 wherein the coated amount of the coupling agent ranges from 0.2 to 1 0% 

by weight. 

5. An additive comprising, as an effective component, the coated zinc oxide powder as set forth in claim 1 , 2, 3 or 4, 
which has ultraviolet-absortsing properties, antilsacterial action, moldproof action and deodorizing action and which 
is inhibited in the photocatalytic activity. 

6. A resin composition comprising the additive as set Ibrtii in daim 5. 

7. An oil and fat composition comprising tiie additive as set forth in claim 5. 
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FIG. 3 
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FIG. 5 
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